Background: The evolving paradigm shift towards the molecular characterization of melanoma has expanded to include studies of microRNA (miRNA) expression. As miR-16 has been utilized as a normalizer in serum-based miRNA studies in several cancers, we evaluated miR-16 expression as a potential reference for normalization of serum miRNA expression in melanoma patients. Methods: 143 primary cutaneous melanoma patients who presented to New York University (NYU) Langone Medical Center for surgical resection of AJCC stage I-III disease were studied. In addition, sera samples from 60 control subjects were utilized including 22 healthy volunteers, 13 rheumatoid arthritis patients, 20 non-melanoma cancer patients (10 renal cell carcinoma and 10 bladder cancer), and 5 Atypical Mole Syndrome patients. The KruskalWallis test (k = 6) or Wilcoxon test (k = 2) with Bonferroni correction was used for analyses of miR-16 expression in melanoma patients compared to various control groups, using raw Ct values directly. The Kruskal-Wallis test was used to compare miR-16 expression across stages of melanoma. The equivalence test for independent samples was used to test the equivalence of miR-16 expression among different groups. Results: No significant differential expression of miR-16 was observed between melanoma patients and healthy volunteers (Wilcoxon test, p = 0.37). However, miR-16 did show a significant difference in expression as it related to stage of melanoma (p = 0.015). Additionally, the equivalence test was unable to confirm equivalent expression of miR-16 in any melanoma versus control group pair. Conclusion: Our data indicate that miR-16 cannot be used as a universal normalizer in sera studies of melanoma patients.
INTRODUCTION
In the era of personalized medicine, the identification of molecular markers with utility in aiding diagnosis, assessing prognosis, and monitoring for recurrence of tumors is critical. As regulatory biomolecules with roles in fundamental cellular processes, including cancer [1, 2] , microRNAs (miRNAs) have emerged as important targets in the search for new tumor markers. Due to ease of collection, the search for clinically useful biomarkers has lead to exploration of the potential of serum-based microRNAs.
Innovative adaptations of existing technologies, specifically quantitative reverse transcription-PCR (qRT-PCR), have helped to overcome the challenge of detecting and quantifying theses small non-coding RNAs (18 -25 nucleotides) . However, an effective normalization strategy to control sample-to-sample variations introduced by specimen quality and protocol inconsistencies (i.e. extraction yield, RT yield, efficiency of amplification) remains a challenge. Traditionally, non-biological variations have been corrected by using internal reference genes, or "housekeeping genes" [3] . However, it is unlikely that a single universal reference gene for all tissue types exists [3] and if inappropriately selected, could lead to errors and misinterpretation of the data [4] . Normalization is a particularly difficult challenge in the study of circulating miRNAs, as the source of these miRNAs is as yet undetermined, making the application of established tissue based reference genes insufficient, and there are few reports of validated controls in serum or plasma [5] .
Though there is no current consensus on suitable references for analysis of serum miRNAs, miR-16 was re-ported to be relatively invariant across a large number of samples [6] and is often selected as a stable control for normalization [7] . However, data to support the suitability of miR-16 as a reference gene for qRT-PCR analysis of blood-based miRNAs are limited [8, 9] . Here, we evaluate miR-16 as a potential reference in the study of serum-based miRNAs in melanoma patients.
PATIENTS AND METHODS

Patient Enrollment and Blood Collection
Blood samples were obtained from melanoma patients treated at New York University (NYU) Langone Medical Center who signed informed consent prior to surgery for inclusion into the Interdisciplinary Melanoma Cooperative Group [10] . Tumor specimens from all patients undergo centralized histopathological review to confirm a diagnosis of melanoma. Control samples were collected from healthy volunteers, defined as individuals with no current or past diagnosis of cancer or systemic inflammatory condition, rheumatoid arthritis patients with active disease, non-melanoma cancer patients with stage IV renal cell carcinoma or bladder cancer, and Atypical Mole Syndrome patients, defined by previously identified criteria [11] and with no personal history of melanoma. The NYU and Memorial Sloan-Kettering Cancer Center (MSKCC) Institutional Review Board approved the study and informed consent was obtained from all patients.
All melanoma and control blood samples intended for serum preparation, with the exception of non-melanoma cancer patients, were collected and processed under standard conditions at NYU. Non-melanoma cancer patient samples were collected and processed at MSKCC under the same conditions. Specifically, blood was collected in 10-mL BD no additive serum tubes (catalog #: 367820), stored immediately at 4˚C for up to 2 hours and then centrifuged at 10˚C for 10 minutes at 1500 g. The supernatant serum was then aliquoted into 1.5 mL cryovials and stored at -80˚C until further use.
All samples utilized for miRNA extraction and subsequent analyses of miRNA expression levels were subjected to a single freeze-thaw cycle. Total RNA from 1ml of serum was extracted and purified using the miRVana Paris isolation system (Ambion, USA) following the manufacturer's protocol with the addition of an extra acid/phenol/chloroform extraction. RNA was eluted with 100 µl of RNase free water.
Reverse Transcription Methods
RT was performed following manufacturer's instructions using TaqMan MicroRNA Reverse Transcription kit (Applied Biosystems, USA) using 2.5 µl total RNA input in a final volume of 10µl using TaqMan MicroRNA Reverse Transcription kit following manufacturer's instructions. Quantitative PCR was performed in triplicate on a Bio-Rad MyIQ Single Color Real Time PCR detection system. Each amplification reaction was performed using 1.33 µl of the cDNA, 1 µl of miR-16-specific TaqMan ® primer and 1X Hotmaster Master mix containing Taq DNA polymerase and dNTP Mix in a final volume of 20 µl.
Statistical Methods
The Kruskal-Wallis test (k = 6) or Wilcoxon test (k = 2) with Bonferroni correction was used for analyses of miR-16 expression, using raw Ct values directly, in melanoma patients compared to various control groups. Kruskal-Wallis test was used to compare miR-16 expression across stages of melanoma. An alpha at α = 0.05 was used to determine significance for all tests. After log transformation of Ct values, the previously described equivalence test for independent samples was used to test equivalence of miR-16 expression among different groups [12] . A cutoff of fold change ≥2 was selected to set the deviation area [−1;1]. All statistical analyses were performed using R 2.12.1.
RESULTS
A total of 143 primary cutaneous melanoma patients who presented to New York University (NYU) Langone Medical Center for surgical resection of AJCC stage I-III disease were studied ( Table 1) . Sera samples from 60 control subjects were utilized and included 22 healthy volunteers, 13 rheumatoid arthritis patients, 20 nonmelanoma cancer patients (10 renal cell carcinoma and 10 bladder cancer), and 5 Atypical Mole Syndrome patients ( Table 2) .
The expression level of miR-16 was analyzed by qRT-PCR in serum samples from melanoma patients and controls. When miR-16 expression was compared across all groups (Figure 1(a) ), there was a significant difference in at least one of the groups, detectable by the KruskalWallis one-way analysis of variance (p = 0.05). Upon further analysis of all possible two-group comparisons using the Wilcoxon test, there was a significant difference in expression levels of miR-16 in rheumatoid arthritis compared to bladder cancer after Bonferroni correction (p = 0.019). Notably, there was no evidence of significant differential expression of miR-16 between melanoma patients and healthy volunteers (p = 0.37), which would lend support for its potential as a reference miRNA in diagnostic studies. However, when sera miR-16 expression was evaluated within melanoma patients, we found a significant difference in expression as it related to stage (Kruskal-Wallis test, p = 0.015, Figure 1(b) ). While the Wilcoxon test, and its parametric counterpart, the Student's t-test, are appropriate for the identification of differentially expressed target genes, they are not well suited for validation of stable expression. Therefore, we performed the equivalence test [12] to show additional support that miR-16 is not a good candidate reference gene for normalization in serum-based miRNA studies in melanoma. A fold change of ≥2 was selected to define a significant difference in expression, corresponding to a deviation area [−1;1] for the logarithmized expression. When comparing melanoma samples to each of the control groups, equivalent expression of miR-16 was not confirmed in any melanoma/ control group pair (Figure 1(c) ). miR-16 showed a tendency for higher expression in melanoma compared to rheumatoid arthritis, whereas it appeared to be more highly expressed in healthy volunteers, renal cell carcinoma, bladder cancer and Atypical Mole Syndrome than melanoma.
DISCUSSION
As the purpose of normalization is to remove all variation that is not a consequence of the disease itself [13] , an ideal reference gene must not only exhibit invariant expression across all sample groups, but also be stably expressed throughout all stages, grades and subtypes of a disease. Our data demonstrate that miR-16 shows significantly different expression across stages of melanoma, suggesting that if used as a normalizer, obtained results might be entirely incorrect. Additionally, while Wilcoxon tests supported non-differential expression of miR-16 across a diverse population, the equivalence test fails to establish equivalence of miR-16 expression in melanoma patients compared to each of the control groups. To the best of our knowledge, this is the first report to evaluate miR-16 as a reference gene for the study of serum miRNA studies in melanoma.
miRNA stability in serum can be partially explained by their physical association with lipoprotein complexes, including small membrane vesicles of endocytic origin called exosomes or microvesicles (30 -100 nm) [14] . Importantly, exosomes represent a newly discovered mechanism by which donor cells can communicate and influence the gene expression of recipient cells [15, 16] . Nevertheless, little is known about the mechanisms by which miRNAs are generated in plasma and the biologic impact of these molecules in distant sites of the body [5] . Growing evidence indicates that exosomal miRNA packaging occurs non-randomly based on differential expression of exosomal miRNA compared to that of donor cells. Indeed, studies have demonstrated that nearly 30% of the released miRNAs in vitro and in vivo do not reflect the expression profile found in donor cells, suggesting that specific miRNAs are selected to be intracellularly retained or released by exosomes [17] . In order to successfully study these circulating molecules, it is imperative to select the correct reference gene for normalization.
Finally, RNU6B, frequently used as a reference gene in tissue based mRNA and miRNA studies, is not consistently detected in plasma or serum. This is not surprising as this RNA is nuclear and, as such, is not protected by extracellular membranes. In our experience, we fail to detect RNU6B in all the control sera and in most of the other sera used for this paper. Although there is least one report of the use of RNU6B in sera [18] , there are also results with sera in which this small RNA is unstable, cannot be detected or Cts are high and unreliable [19, 20] . 
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Our data indicate that miR-16 is not a suitable reference miRNA for qRT-PCR analysis of serum miRNA in melanoma patients. To ensure detection of small, yet biologically meaningful changes and avoid misinterprettation of results, further testing is needed to identify suitable candidates for normalization in miRNA-based melanoma studies. 
